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$EVWUDFW 9DULDELOLW\ RI WKH DYDLODEOH VKRUWFLUFXLW SRZHU DOVR LPSOLHV YDULDWLRQ RI WKH IDXOW OHYHO ZKLFK FDQ SRWHQWLDOO\ FDXVH
VHYHUDOSURWHFWLRQSUREOHPVLQWKHHOHFWULFQHWZRUNV,QWKLVVWXG\DQRYHOSURWHFWLRQPHWKRGWKDWLVLQVHQVLWLYHWRWKHIDXOWOHYHO
FKDQJHV FDXVHG E\ YDULDEOH VKRUWFLUFXLW SRZHU LV SUHVHQWHG ,W UHOLHV RQ XWLOLVDWLRQ RI V\PPHWULFDO FRPSRQHQWV RI WKH VKRUW
FLUFXLW FXUUHQWV DQG RQ FRPPXQLFDWLRQ EHWZHHQ WKH SURWHFWLRQ UHOD\V 7KH SURSRVHG PHWKRG DGGUHVVHV WKH VLQJOH SKDVH WR




,Q JHQHUDO WKH GLVWULEXWLRQ QHWZRUNV FRPSULVH UDGLDO IHHGHUV
VXSSOLHG IURP D VLQJOH XWLOLW\ VRXUFH >@ ,Q WKLV DUUDQJHPHQW WKH
FXUUHQW IORZ LV XQLGLUHFWLRQDO DQG SURWHFWLRQ DJDLQVW WKH VKRUW
FLUFXLW IDXOWV LV UHDOLVHG W\SLFDOO\ E\ RYHUFXUUHQW 2& UHOD\V >@
EXWDQHOHFWULFIDXOWFRXOGFDXVHDSRZHURXWDJHIRUDOOORDGVSODFHG
GRZQVWUHDP WKH IDXOW ORFDWLRQ >@ ,Q RUGHU WR DGGUHVV WKLV
GUDZEDFN VRPH GLVWULEXWLRQ QHWZRUNV FRPSULVH ORRS IHHGHUV VR
WKDWQRFRQVXPHUZLOOEHRXWRIVHUYLFHLQWKHHYHQWRIDVLQJOHIDXOW
ZLWKLQWKHIHHGHU>@+RZHYHULQDFORVHGORRSIHHGHUWKHFXUUHQW
IORZ LVELGLUHFWLRQDODQG WKHFRQYHQWLRQDO2&SURWHFWLRQQHHGV WR
EH XSJUDGHG LQ RUGHU WR SURYLGH SURSHU SURWHFWLRQ DJDLQVW WKH
HOHFWULFIDXOWV>@
5HJDUGOHVV RI WKH W\SH RI IHHGHU LQYROYHG LQ D GLVWULEXWLRQ
QHWZRUN LWV SURWHFWLRQ V\VWHP LV FKDOOHQJHG E\ YDULDELOLW\ RI WKH
DYDLODEOH VKRUWFLUFXLWSRZHU DV WKH VKRUWFLUFXLW FXUUHQWVDUHDOVR
YDULDEOH LQ WKLV VLWXDWLRQ >@ :LWK WKH DGYDQFH RI GLVWULEXWHG
JHQHUDWLRQYDULDELOLW\RIWKHVKRUWFLUFXLWSRZHULVQRWXQFRPPRQ
QRZDGD\V>@DQGWKHSURWHFWLRQV\VWHPQHHGVWRRSHUDWHFRUUHFWO\
HYHQ LQ VXFK FRQGLWLRQV ,W LV ZHOO NQRZQ WKDW WKH WUDGLWLRQDO 2&
UHOD\VDUHQRWVXLWDEOHLQWKHVHFRQGLWLRQVDVWKH\FRXOGH[SHULHQFH
ORQJHU WULSSLQJ WLPHV ORVV RI FRRUGLQDWLRQ DQG RWKHU SURWHFWLRQ
LVVXHV>@,QRUGHUWRPLWLJDWHVRPHRIWKHSURWHFWLRQSUREOHPV
PHQWLRQHGDERYHDQHZSURWHFWLRQ VFKHPH LVSURSRVHG LQ >@ IRU
UDGLDO 09 IHHGHUV ZLWK YDULDEOH VKRUWFLUFXLW FXUUHQWV 7KH
SURSRVHG SURWHFWLRQ VFKHPH LV HIIHFWLYH DJDLQVW 63* IDXOWV
RFFXUULQJLQGLUHFWO\JURXQGHGGLVWULEXWLRQIHHGHUVDQGUHOLHVRQWKH
HYDOXDWLRQ RI WKH UDWLR EHWZHHQ WKH ]HUR VHTXHQFH DQG SRVLWLYH
VHTXHQFH RI WKH IDXOW FXUUHQW 0RUH SUHFLVHO\ WKH 63* IDXOW LQ D
UDGLDOIHHGHULVLQGLFDWHGE\DQRQ]HURPDJQLWXGHRIWKLVUDWLRIRU
DOO UHOD\V ORFDWHGXSVWUHDPRI WKH IDXOW ORFDWLRQDQGSUHFLVHO\ WKLV
LQIRUPDWLRQLVXVHGLQ>@WRFOHDUWKHIDXOWHGVHFWLRQRIWKHIHHGHU
$V D FRQWLQXDWLRQ RI WKH ZRUN SUHVHQWHG LQ >@ WKH SURSRVHG
SURWHFWLRQ VFKHPH LV LPSURYHG VR WKDW LW FDQ DOVR EH DSSOLHG LQ
FORVHGORRS IHHGHUV 7KHUHIRUH WKLV SDSHU SUHVHQWV D QHZ
FRPPXQLFDWLRQEDVHGSURWHFWLRQVFKHPHIRUORRS09IHHGHUVZLWK
YDULDEOHVKRUWFLUFXLWSRZHU
7KH SURWHFWLRQ VFKHPH SURSRVHG LQ WKLV SDSHU KDV VHYHUDO
EHQHILWVRYHUFRQYHQWLRQDO2&SURWHFWLRQ ,W LV LQVHQVLWLYH WRIDXOW
OHYHOFKDQJHVVRLWRQO\QHHGVDVLQJOHVHWRIVHWWLQJVIRULWVUHOD\V
IRU D ZLGH UDQJH RI QHWZRUN FRQGLWLRQV DQG LW GRHV QRW UHTXLUH D
SULRU NQRZOHGJH RI WKH UDWHG RU IDXOW FXUUHQWV LQ WKH FLUFXLW WKDW
QHHGV WR EH SURWHFWHG 0RUHRYHU WKH SURSRVHG SURWHFWLRQ VFKHPH
DOORZV IRU QRUPDOO\RSHQORRS IHHGHUV WR EH FORVHG ZLWKRXW WKH
QHHG RI YROWDJH WUDQVIRUPHUV DV LQ WKH FDVH RI GLUHFWLRQDO 2&
UHOD\V >@ RU DGGLWLRQDO FXUUHQW WUDQVIRUPHUV &7V 7KH QHZO\
GHYHORSHGSURWHFWLRQVFKHPHKDVEHHQWHVWHGLQDFORVHGORRS09





RI V\PPHWULFDO FRPSRQHQWV LQ D GLVWULEXWLRQ IHHGHU DQG EDVHG RQ
WKLVDQDO\VLVWKHQHZPHWKRGRISURWHFWLRQLVGHVFULEHGLQ6HFWLRQ
 ,Q 6HFWLRQ  VRPH FDVH VWXGLHV DUH SUHVHQWHG DQG 36&$' LV
XVHG IRU VLPXODWLQJ YDULRXV IDXOW FRQGLWLRQV WR YDOLGDWH WKH
SHUIRUPDQFH RI WKH SURSRVHG SURWHFWLRQ VFKHPH 6HFWLRQ 
FRQFOXGHVWKLVSDSHUZLWKVRPHILQDOUHPDUNV
௑)DXOWDQDO\VLV
$QDO\VLV RI WKH 63* IDXOW VHHNV WR GHWHUPLQH WKH V\PPHWULFDO
FRPSRQHQWVRIWKHIDXOWFXUUHQWVDVPHDVXUHGE\WKH&7VLQDORRS
IHHGHU,WVKRXOGEHQRWHGWKDWRQO\WKHVHFXUUHQWVDUHDYDLODEOHIRU
WKH SURWHFWLRQ V\VWHP VR RQO\ WKHLU HTXLYDOHQW VHTXHQFH
FRPSRQHQWVSUHVHQWLQWHUHVWLQWKLVSDSHU2QFHWKHVHTXDQWLWLHVDUH
GHWHUPLQHG WKH UDWLR EHWZHHQ WKH FXUUHQW ]HUR VHTXHQFH DQG
FXUUHQW SRVLWLYH VHTXHQFH LV FDOFXODWHG LQ WKH HYHQWXDOLW\ RI D
FORVHGORRS UHVSHFWLYHO\ RSHQORRS UDGLDO IHHGHU7KHREMHFWLYH
LV WR GHWHUPLQH WKH GLIIHUHQFH EHWZHHQ WKHVH WZR VFHQDULRV DV
QRWLFHGE\WKHDIRUHPHQWLRQHGUDWLRDQGEDVHGRQWKHPWRDGDSWWKH





LV VXSSOLHG IURPERWK HQGVE\ D WKUHHSKDVHSRZHU VRXUFHZLWK D
VROLGHDUWKHGQHXWUDO7KHORDGVDUHEDODQFHGDQGFRQQHFWHGWRWKH







RI WKH FDEOH 0RQLWRULQJ RI WKH IHHGHU LV UHDOLVHG IRU SURWHFWLRQ
SXUSRVHVE\IRXUVHWVRI&7VODEHOOHGDV&7[ZKHUH[LVWKHWDJRI






)LJ  SUHVHQWV WKH HTXLYDOHQW VHTXHQFH GLDJUDP RI WKH ORRS
IHHGHU GHVFULEHG SUHYLRXVO\ DQG WKH IROORZLQJ QRWDWLRQV DUH XVHG
=B6 =B6 =B6 DQG =B/[ =B/[ =B/[ GHQRWH WKH ]HUR SRVLWLYH
DQGQHJDWLYHVHTXHQFH LPSHGDQFHVRI WKH VRXUFHDQGRI WKH ORDGV
UHVSHFWLYHO\ =B&[ =B&[ =B&[ DUH WKH VHTXHQFH LPSHGDQFHV RI
FDEOHV&&DQG&ZKLOH=B&P=B&P=B&PUHVSHFWLYHO\
=B&OQ=B&OQ=B&OQDUH WKHVHTXHQFH LPSHGDQFHVRI WKHVHFWLRQV
RIFDEOH&ORFDWHGXSVWUHDPUHVSHFWLYHO\GRZQVWUHDPWRWKH63*
IDXOW ORFDWLRQ ,B) ,B) ,B) DUH V\PPHWULFDO FRPSRQHQWV RI WKH
IDXOWFXUUHQW,B/[,B/[,B/[DUHV\PPHWULFDOFRPSRQHQWVRIWKH
ORDG FXUUHQWV DQG ,B&7[ ,B&7[ ,B&7[ DUH V\PPHWULFDO
FRPSRQHQWVRIWKHFXUUHQWVPHDVXUHGE\WKH&7V
'XH WR WKH GHOWD FRQQHFWLRQ WKH ]HURVHTXHQFH TXDQWLWLHV
DVVRFLDWHGZLWK WKH ORDGV QDPHO\=B/=B/=B/ ,B/ ,B/
DQG,B/GRQRWLQIOXHQFHWKHIHHGHUFXUUHQWVGXULQJWKH63*IDXOW
>@2QWKHFRQWUDU\WKHSRVLWLYHDQGQHJDWLYHVHTXHQFHTXDQWLWLHV
DVVRFLDWHG ZLWK WKHVH ORDGV LQIOXHQFH WKHVH FXUUHQWV LQ IDXOW
FRQGLWLRQV ,Q WKLV VHQVH ± JLYH WKH SRVLWLYHVHTXHQFH
FXUUHQWVVHHQE\HDFKVHWRI&7VDVDIXQFWLRQRIWKHIDXOWDQGORDG
FXUUHQWV
I1_CT1 = AI1_L1 + BI1_L2 + CI1_L3 + F1I1_F 
I1_CT2 = − A′I1_L1 + BI1_L2 + CI1_L3 − F1′I1_F 
I1_CT3 = − A′I1_L1 − B′I1_L2 + CI1_L3 − F1′I1_F 
I1_CT4 = − A′I1_L1 − B′I1_L2 − C′I1_L3 − F1′I1_F 




Z1_C2 + Z1_C3 + Z1_C4
Z1_feeder








, C′ = 1 − C 
F1 =
Z1_C1n + Z1_C2 + Z1_C3 + Z1_C4
Z1_feeder
, F1′ = 1 − F1 
Z1_feeder = Z1_C1m + Z1_C1n + Z1_C2 + Z1_C3 + Z1_C4 
7KHVH IDFWRUV GHWHUPLQH WKH GLVWULEXWLRQ RI WKH ORDG DQG IDXOW
FXUUHQWV WKURXJK GLIIHUHQW VHFWLRQV RI WKH IHHGHU WKHUHIRUH WKH\
LQIOXHQFHWKHFXUUHQWVVHHQE\WKH&7VGXULQJWKHIDXOWFRQGLWLRQV
6\PPHWULFDOFRPSRQHQWVRIWKH63*IDXOWFXUUHQWVDUHJLYHQLQ
 ZKHUH = DQG = DUH WKH HTXLYDOHQW ]HURVHTXHQFH DQG
QHJDWLYHVHTXHQFH LPSHGDQFH UHVSHFWLYHO\ DV VHHQ DW WKH IDXOW
ORFDWLRQ
I0_F = I1_F = I2_F =
E
Z1_S + FZ1_C1m + 3RF + Z2 + Z0










I0_CT1 = F0I1_F 
I0_CT2 = I0_CT3 = I0_CT4 = − F0′I1_F 
)DFWRUV)DQG) ʾ DUHJLYHQLQDVDIXQFWLRQRIWKHHTXLYDOHQW
]HURVHTXHQFH LPSHGDQFHV RI WKH FDEOHV DQG WRWDO IHHGHU
LPSHGDQFHGHQRWHGDV=BIHHGHUDQGJLYHQLQ
F0 =
Z0_C1n + Z0_C2 + Z0_C3 + Z0_C4
Z0_feeder
, F0′ = 1 − F0 
Z0_feeder = Z0_C1m + Z0_C1n + Z0_C2 + Z0_C3 + Z0_C4 

























−A′I1_L1 − B′I1_L2 − C′II_L3 − F′1I1_F

7KHVH UDWLRV DUH FRPSOH[ QXPEHUV DQG WKHLU HYDOXDWLRQ FRXOG
SURYLGHYDOXDEOHLQIRUPDWLRQIRUWKHSURWHFWLRQV\VWHP,QKHDOWK\
FRQGLWLRQV WKH PDJQLWXGH RI WKHVH UDWLRV LV ]HUR EXW GXULQJ WKH
63* IDXOW WKHLU PDJQLWXGHV LQFUHDVH VLJQLILFDQWO\ )XUWKHUPRUH
DVVXPLQJWKDW)(? (?)ZKLFKLVW\SLFDOO\WUXH>@ LVFOHDUWKDWWKH
PDJQLWXGHVRI,B&7,B&7DQG,B&7,B&7FDQQRWH[FHHGHYHQ
LQ IDXOW FRQGLWLRQV +RZHYHU WKH VDPH FDQQRW EH VDLG DERXW
,B&7,B&7DQG,B&7,B&7DVWKHLUPDJQLWXGHVFRXOGH[FHHG
GHSHQGLQJ RQ WKH YDOXH RI WKH IDFWRUV $ % & DQG ) 0RUH
LPSRUWDQWO\ WKHUH LV QR UHODWLRQ EHWZHHQ WKH ORFDWLRQ RI WKH 63*
IDXOWLQWKHFORVHGORRSIHHGHUHJLQEHWZHHQ&7DQG&7LQWKLV
DQDO\VLVDQGWKHPDJQLWXGHVRIWKHH[DPLQHGUDWLRV7KHUHIRUHE\
REVHUYLQJ WKHVH UDWLRV LQ D ORRS IHHGHU RQO\ WKH SUHVHQFH RI WKH
63*IDXOWFDQEHLQGLFDWHGEXWQRWLWVH[DFWORFDWLRQ
5DGLDOIHHGHU
,I &% LV RSHQHG WKH FRQVLGHUHG ORRS IHHGHU EHFRPHV UDGLDO DQG
WKHORDGDQGIDXOWFXUUHQWVZLOOEHVXSSOLHGIURPDVLQJOHGLUHFWLRQ
WKURXJK&7,Q WKLVVLWXDWLRQ WKHPDWKHPDWLFDOH[SUHVVLRQRI WKH
UDWLR EHWZHHQ WKH ]HURVHTXHQFH DQG SRVLWLYHVHTXHQFH RI WKH
FXUUHQW VHHQ E\ &7 LV JLYHQ LQ  $JDLQ WKH PDJQLWXGH RI






I1_L1 + I1_L2 + I1_L3 + I1_F

,B&7,B&7 DQG ,B&7,B&7 DUH ]HUR LQ ERWK KHDOWK\ DQG IDXOW
FRQGLWLRQVIRUWKHFRQVLGHUHG63*IDXOWZLWK&%RSHQDVWKHIDXOW
FXUUHQW GRHV QRW SDVV WKURXJK &7 DQG &7 $OVR QR FXUUHQW
SDVVHVWKURXJK&7EHFDXVH&%LVRSHQWKHUHIRUH,B&7,B&7LV
]HURLQWKLVVLWXDWLRQ




























QRWLFH WKH KLJKHVW PDJQLWXGH RI WKH UDWLR EHWZHHQ WKH ]HUR
VHTXHQFH FXUUHQW DQG SRVLWLYHVHTXHQFH FXUUHQW ,QGHHG _,B&7
,B&7_!_,B&7,B&7_!_,B&7,B&7_ DV &7 LV WKH FORVHVW &7 WR
WKHORFDWLRQRIWKHDQDO\VHG63*IDXOWIROORZHGE\&7
7DEOHVXPPDULVHVDQDO\VLVRIWKH63*IDXOWE\SUHVHQWLQJWKH
SRVVLEOH YDOXHV RI WKH PDJQLWXGH RI WKH UDWLR EHWZHHQ WKH ]HUR




%DVHG RQ WKH DQDO\VLV RI 63* IDXOWV LQ 6HFWLRQ  WKLV VHFWLRQ
SUHVHQWV D QHZ SURWHFWLRQ DOJRULWKP WKDW LV DSSOLFDEOH WR FORVHG
ORRSIHHGHUVZLWKWKHDLGRIFRPPXQLFDWLRQ$VDOUHDG\PHQWLRQHG
LQIRUPDWLRQ SURYLGHG E\ WKH PDJQLWXGH RI ,B&7,B&7
,B&7,B&7 ,B&7,B&7 DQG ,B&7,B&7 DOORZV
DFFXUDWH ORFDOLVDWLRQ RI WKH IDXOWHG VHFWLRQ RI WKH IHHGHU RQO\ LQ
UDGLDO IHHGHUV ZKLOH LQ ORRS IHHGHUV WKHVH TXDQWLWLHV FDQ LQGLFDWH





FORVHGORRSIHHGHU LVRSHQHGDWRQHHQG WKXVEHFRPLQJUDGLDO ,Q
WKLVZD\WKHSURWHFWLRQSUREOHPRIDORRSIHHGHULVUHGXFHGWRWKH








 (? (?  (? (?
I0_CT2
I1_CT2
WKHRUHWLFDOO\QROLPLW  (? (? (? (?
I0_CT3
I1_CT3
WKHRUHWLFDOO\QROLPLW  (? (? (? (?
I0_CT4
I1_CT4






WKH IHHGHU LV LGHQWLILHG DQG GLVFRQQHFWHG E\ WKH DSSURSULDWH &%
:KHQ WKH63* IDXOW LV FOHDUHG WKH IHHGHU LV VXSSOLHG DJDLQ IURP
ERWKRI LWV HQGV WKXV HQVXULQJ WKDW RQO\ WKHPLQLPXPDPRXQW RI





D UHFORVHU ZLWK WKH REVHUYDWLRQ WKDW LQ WKH SURSRVHG SURWHFWLRQ






2SHUDWLRQ RI WKH SURWHFWLRQ VFKHPH SURSRVHG LQ WKLV SDSHU LV












PLFURJULG RSHUDWHV LQ DQ LVODQGHG PRGH VXSSOLHG E\ WKH &+3
SODQW 7KH PDLQ JULG LV PRGHOOHG XVLQJ DQ LGHDO YROWDJH VRXUFH
SODFHGEHKLQGD(팀k9WUDQVIRUPHUZLWKDUDWHGSRZHURI(?
09$ 7KH IHHGHU FRQVLVWV RI VL[ FDEOHV PRGHOOHG XVLQJ WKH ʌ
PRGHO ZKLOH WKH HOHFWULF FRQVXPHUV DUH PRGHOOHG DV FRQVWDQW
SRZHUORDGVZLWKDSRZHUIDFWRURI&%VDQG&7VDUHDVVXPHG
WREHLGHDO7KHPDLQSDUDPHWHUVRIWKHORDGVDQGFDEOHVDUHJLYHQ
LQ 7DEOHV  DQG  UHVSHFWLYHO\ 7KH &+3 SODQW LV PRGHOOHG DV D
WKUHHSKDVH V\QFKURQRXV JHQHUDWRU GULYHQ E\ DQ LQWHUQDO
FRPEXVWLRQHQJLQHXVLQJWKHVWDQGDUGPRGHOVDYDLODEOHLQ36&$'
3DUDPHWHUV RI WKH &+3 SODQW DQG RI WKH SRZHU WUDQVIRUPHU DUH
JLYHQLQ>@
7KH SURWHFWLRQ V\VWHP FRQVLVWV RI VL[ UHOD\V WKDW DUH DEOH WR
WUDQVPLWWKHLUFRUUHVSRQGLQJUDWLRVEHWZHHQWKH]HURVHTXHQFHDQG
SRVLWLYHVHTXHQFH FXUUHQWV WR WKH RWKHU UHOD\V DQG EDVHG RQ WKH
FRUUHODWLRQ RI WKHVH UDWLRV WR WULS WKH DGHTXDWH &% $ PLQLPXP
WKUHVKROGLVGHILQHGIRUWKHPDJQLWXGHRIWKHUDWLREHWZHHQWKH]HUR
VHTXHQFHDQGSRVLWLYHVHTXHQFHRI WKHFXUUHQWVHHQE\HDFKUHOD\
EHORZ ZKLFK WKH UDWLR LV DVVXPHG WR EH ]HUR ,Q WKLV SDSHU WKH
WKUHVKROG LVVHW WRDQG LWVSXUSRVH LV WRDYRLGD IDOVH WULSSLQJ






,Q WKLVVHFWLRQ WKHRSHUDWLRQRI WKHSURSRVHGSURWHFWLRQV\VWHPLV
H[DPLQHG LQ ERWK JULGFRQQHFWHG DQG LVODQGHG PRGHV RI WKH WHVW
09 PLFURJULG $ EROWHG 63* IDXOW LV DSSOLHG RQ SKDVH D LQ WKH









VLPXODWLRQ DQG DOO UHOD\V GHWHFW D VLJQLILFDQW LQFUHDVH RI WKH
PDJQLWXGHRI ,, UDWLRFDXVHGE\ WKHSUHVHQFHRI WKH IDXOW$VD
UHVXOW &% LV RSHQHG DIWHU (팀s IURP WKH IDXOW LQFHSWLRQ DQG
VKRUWO\ WKHUHDIWHU WKH UDWLRV VHHQ E\ 5 5 5 DQG 5 DUH ]HUR
DJDLQEHFDXVHWKHIDXOWFXUUHQWGRHVQRWIROORZWKHLUSDWKDQ\PRUH
+RZHYHUWKHPDJQLWXGHRI,,UDWLRVHHQE\5UHVSHFWLYHO\5
DUH VWLOO VLJQLILFDQWO\ JUHDWHU WKDQ ]HUR GXH WR WKH IDFW WKDW WKH
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 

7DEOH(? 3DUDPHWHUVRIWKHFDEOHV
(OHFWULFFDEOH 5HVLVWDQFHPȍ ,QGXFWDQFHȝ+ &DSDFLWDQFHQ)
&DEOH   
&DEOH   
&DEOH   
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&DEOH   






WKHVH UHOD\V ZLWK WKH KLJKHVW PDJQLWXGH RI ,, UDWLR QRWLFHG E\









LQ WKLV FDVH  LQ JULGFRQQHFWHG PRGH DQG  LQ LVODQGHG
PRGH &RQVHTXHQWO\ WKH 63* IDXOW LV FOHDUHG LQ (팀s DIWHU LWV
LQFHSWLRQE\WKHRSHQLQJRI&%$VH[SHFWHGWKHIDXOWHGVHFWLRQ
RIWKHIHHGHULVGLVFRQQHFWHGLQWKHHQGE\WKHRSHQLQJRI&%DQG
&% VR WKH SURWHFWLRQ V\VWHP KDV ZRUNHG FRUUHFWO\ IRU WKH
FRQVLGHUHGIDXOWV
6LPLODUUHVXOWVDUHREWDLQHGIRURWKHU63*IDXOWVDSSOLHGRQEXV
EDUVRURWKHUFDEOHVRI WKH WHVW09PLFURJULG ,QHDFKFDVHRQO\
WKHIDXOWHGVHFWLRQRIWKHIHHGHULVGLVFRQQHFWHGIURPWKHQHWZRUN
6LPXODWLRQ UHVXOWV SURYH WKDW WKH SURWHFWLRQ VFKHPH GLVFXVVHG LQ
WKLVSDSHULVDEOHWRFOHDUWKH63*IDXOWVHOHFWLYHO\LQWKHWHVW09
PLFURJULG LQ ERWK JULGFRQQHFWHG DQG LVODQGHG PRGH 0RUHRYHU
WKHYDULDELOLW\RI WKH DYDLODEOH VKRUWFLUFXLW SRZHUGRHVQRW DIIHFW
VLJQLILFDQWO\ WKH SURSRVHG SURWHFWLRQ VFKHPH DV )LJV  DQG 
VKRZ
௑&RQFOXVLRQ
9DULDELOLW\ RI WKH DYDLODEOH VKRUWFLUFXLW SRZHU FDXVHV YDULRXV
SURWHFWLRQ SUREOHPV LQ GLVWULEXWLRQ IHHGHUV SURWHFWHG PDLQO\ E\
2& UHOD\V7KHVHSUREOHPVDUHPRUH VHYHUH LQPLFURJULGVZKLFK
DUHFKDUDFWHULVHGE\ ODUJHUYDULDWLRQVRI WKHDYDLODEOHVKRUWFLUFXLW
SRZHU DV WKH\FDQRSHUDWH LQDJULGFRQQHFWHGRU LVODQGHGPRGH
8QOLNH RWKHU DXWKRUV ZKR VXJJHVW XWLOLVDWLRQ RI YDULRXV DGDSWLYH
SURWHFWLRQWHFKQLTXHVWRPLWLJDWHWKHVHSURWHFWLRQLVVXHVWKLVSDSHU
SURSRVHV D GLIIHUHQW DSSURDFK LQZKLFKSURWHFWLRQ LV GHVLJQHG VR
WKDW LW GRHV QRW QHHG WR EH DGDSWLYH 7KH SURSRVHG UHOD\V GR QRW
RSHUDWH GLUHFWO\ RQ IDXOW FXUUHQWV EXW UDWKHU RQ UDWLR EHWZHHQ WKH
]HUR VHTXHQFH DQG SRVLWLYH VHTXHQFH RI WKH IDXOW FXUUHQWV 7KH
LQWURGXFHG UDWLR GRHV QRW YDU\ VLJQLILFDQWO\ ZLWK WKH IDXOW OHYHO
FKDQJHVKHQFHWKHSURSRVHGSURWHFWLRQV\VWHPGRHVQRWQHHGWREH
DGDSWLYH WR QHWZRUN FRQGLWLRQV &RRUGLQDWLRQ RI WKH SURWHFWLRQ
UHOD\VUHTXLUHVFRPPXQLFDWLRQZKLFKPD\EHQHHGHGDQ\ZD\LQD
PLFURJULGIRUFRQWUROSXUSRVHV7KHQHZPHWKRGRISURWHFWLRQFDQ
)LJ௒2SHUDWLRQRI WKHSURSRVHGSURWHFWLRQ LQ WKHFDVHRIDEROWHG63*
IDXOWDSSOLHGRQFDEOHZKHQWKHWHVW09PLFURJULGLVJULGFRQQHFWHG
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EH DSSOLHG LQ ORRS IHHGHUV DV VKRZQ LQ WKLV SDSHU $OVR WKH
VLPXODWLRQV UHDOLVHG LQ 36&$' SURYH WKH HIIHFWLYHQHVV RI WKH
SURSRVHG SURWHFWLRQ VFKHPH LQ WKH GHWHFWLRQ RI WKH 63* IDXOWV LQ
FORVHGORRSIHHGHUVZLWKYDULDEOHVKRUWFLUFXLWSRZHU
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